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Different concentrations of NaHCO3, a carbon source in the form of bicarbonate, were supplied to study the 
effects of carbon input on growth of Spirulina platensis. A static culture, setup of 2 L bottle equipped with 
aeration pump with 10% (v/v) concentration of Spirulina was cultured in filtered sago effluent (FSE) 
amended with different concentration of NaHCO3, 4 g/L, 8 g/L and 0 g/L (blank) was exposed under outdoor 
sunlight while Zarrouk’s medium was used as positive control. The study was conducted for 20 days and was 
done twice. The result shows that FSE with 4 g/L NaHCO3 have a higher biomass and followed by 8 g/L 
NaHCO3 and blank. Protein content in gram percentage yield also shows that FSE with 4 g/L NaHCO3 is the 
highest among FSE medium. Hence, the cultivation of Spirulina platensis in static culture of FSE amended 
with NaHCO3 shows 4 g/L is the best. 
 








Pelbagai kepekatan NaHCO3 telah dibekalkan sebagai sumber karbon dalam bentuk bikarbonat kepada 
pertumbuhan Spirulina platensis bertujuan untuk mengkaji kesan bekalan karbon kepada pertumbuhan alga 
ini. Satu sistem kultur statik telah dijalankan iaitu 2 L botol dilengkapi dengan pam udara dengan 10 % (v/v) 
kepekatan kultur Spirulina dikultur dalam effluen sago yang telah ditapis (FSE) dengan tambahan 0 g/L, 4 
g/L dan 8 g/L kepekatan NaHCO3. Kultur ini dijalankan di luar makmal iaitu dibawah sinaran matahari dan 
Zarrouk media digunakan sebagai kawalan positif. Projek ini dijalankan selama 20 hari dan sebanyak dua 
kali. Keputusan menunjukkan FSE dengan 4 g/L NaHCO3 mempunyai biomas yang tertinggi diikuti dengan 
FSE dengan 8 g/L NaHCO3 dan FSE 0 g/L NaHCO3. Kandungan protein dalam peratus gram menunjukkan 
FSE dengan 4 g/L NaHCO3 adalah yang tertinggi berbanding FSE yang lain. Oleh itu, pengkulturan 
Spirulina platensis dalam kultur statik FSE ditambah dengan NaHCO3 memberikan 4 g/L sebagai yang 
terbaik. 
 
Kata kunci : Spirulina platensis, NaHCO3, effluent sago yang ditapis ( FSE), Zarrouk  






















Sago industry has become an importance source of starch and also contributes in 
generating economy especially in the state of Sarawak as it is largely grown there. The 
extractions for the starch however bring problems to the environment as the sago 
wastewater generated is being discharged into nearby rivers (Bujang and Yusop, 2006). 
The disposal of sago waste can create a high BOD and COD level. For a medium size 
factory in Sarawak, Bujang et al. (1996) reported that more than 1,425 tons of sago 
effluent is produced per week. The free sago effluent can be used as a medium for 
cultivation of Spirulina and filtered prior being used thus called filtered sago effluent 
(FSE).  
 
Spirulina platensis is the type of microalgae produced commercially more to others due to 
several beneficial reasons. This type of Spirulina is shown to have 60%-70% of digestible 
vegetable protein, highest concentration of vitamin B12, beta-carotene, iron, trace elements 
and essential fatty acids, gamma-linolenic acid (GMA) (Rafiqul et al., 2005; Lodi et al., 
2005; Soundarapandian and Vashanti, 2008). Studies show that microalgae Spirulina are 
being applied in various fields. For example in aquaculture, Spirulina is an important 
ingredient in the food for pigmentation of goldfish and fancy red carp (Baldia et al., 1991), 
as well on medical area where Spirulina can inhibit viral replication and cancer (Kozlenko 
and Henson, 1998). Spirulina is also found to have therapeutic properties such as in the 
treatment of condition in atherosclerosis (Ramamoorthy and Premakumari, 1996). As 
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Spirulina platensis has lots of nutritional value, the demand for Spirulina have increased 
world widely. 
 
Commercial production for blue-green algae, Spirulina, a good health food, is increasing 
all around the world. This leads to various researches being conducted to solve the problem 
in producing high biomass of Spirulina with a lower cost of production. Most producers 
cultivate Spirulina using growth medium proposed by Zarrouk (Daniel et al., 1997). 
However, there is a problem in using Zarrouk’s medium in the production of Spirulina. It 
brings to a high cost production especially in large scale project and research field where 
replicates of Spirulina culture is needed in testing manipulated variables. One way to solve 
this problem is by using other medium that cost cheaper than Zarrouk’s medium. In 
addition, attempting of a maximum production of Spirulina also can be achieved by 
manipulating the factor that effects its growth such as carbon sources, Spirulina use carbon 
in photosynthesis process to produce food in order to growth. Thus, in this study, different 
concentrations of NaHCO3, a carbon source in the form of bicarbonate (Sassano et al., 
2007) will be supplied to Spirulina culture and FSE will be used instead of using Zarrouk’s 
medium so that sago effluent can be used beneficially without disposing it into rivers and 
this can reduce cost since it is free. 
 
1.1 Objectives 
From the overview above, the objective of this study are: 
i) To generate maximum production of Spirulina 
ii) To study all the parameters involve in the growth of Spirulina 









2.1 Spirulina Algae 
2.1.1 Morphology and Characteristics  
 
The microscopic Spirulina is a filamentous, spiral-shape photosynthetic cyanobacterium 
(Vetayasupron, 2004; Peng et al., 2005). ‘‘It consists of a blue-green filament from 1 to 12 
µm diameter cylindrical cells in unbranched, helicoidal trichomes’’ (Richmond, n.d., p.85). 
Cyanobacterium or Cyanophyta also known as blue-green algae is one of prokaryotic 
members of algae other than Prochlorophyta (Barsanti and Gualtieri, 2006). The algae 
reported to be the first algae to appear on earth and have introduced photosynthesis (Kane, 
1986).  
 
The principle photosynthetic pigment in cyanobacteria is chlorophyll a, which absorb light 
and then being converted into chemical energy in the form of adenosine triphosphate 
(ATP) and nicotinamide adenine dinucleotide phosphate (NADPH), which then being used 
in Calvin Cycle, a synthesis process of organic compound, hexose sugars, from carbon 
dioxide (Kane, 1986). Apart from having chlorophyll a, Spirulina also have other pigment 
such as blue and red phycobilins (phycoerythrin, phycocyanin, allophycocyanin, and 
phycoerythrocyanin), and carotenoids. All of these accessory pigments located in 
phycobilisomes, situated on the outer surface of rows of the thylakoids that lie freely in 




The filamentous Spirulina grows better in environment with high pH and high alkalinity 
(Laliberte et al., n.d.; Rafiqul et al., 2005). This was supported by Kane (1986), which 
reported that Spirulina are common in lakes with high soda content and high pH. Laliberte 
et al. (n.d) reported that some of Spirulina species can tolerate ammonia-toxicity in high 
pH. 
 
2.1.2 Nutritional Value of Spirulina 
 
The filamentous Spirulina, contain a high level of protein (50%-70% of its dry weight) as 
compare to milk protein (Shelef and Shoeder, 1980 cited in Soundarapandian and 
Vashanti, 2008). Report shows that Spirulina have been consumed long time ago as early 
as 1940 by community that live near Lake Chad, Africa and Lake Texcoco, Mexico as 
their protein sources (Kane, 1986; Baldia et al., 1991). This algae also reported to have 
high concentration in vitamin B12 , beta-carotene, mineral such as iron (Soudarapandian and 
Vashanti, 2008), low level in nucleic acid (4% its dry matter) (Tranquille et al., 1994) 
which make it suitable for consumption by people suffered from coronary illness and 
obesity (Rafiqul et al., 2005). Spirulina also contain essential nucleic acid such as leucine 
(10.9% of total amino acids), valine (7.5%) and isoleucine (6.8%) (Cohen, 1997 cited in 
Vetayasuporn, 2004). Besides that, Spirulina is high in essential fatty acids; linoleic acid 
and gamma-linolenic acid (GLA) where GLA reported to have the ability to decrease blood 







2.1.3 Application of Spirulina in Various Field 
2.1.3.1 Application of Spirulina in Wastewater Treatment 
 
These blue green algae also involve in wastewater treatment as photosynthetic organism 
have the ability to metabolize organic carbon, nitrogen, and phosphorus from any 
wastewater (Lodi et al., 2005). Spirulina provide advantages as its filamentous form and 
the capacity to bioflocculate makes it easier to harvest and less costly compared to other 
algae (Mohn, 1988 cited in Laliberte et al., n.d.). Siew-Moi (1987 cited in Laliberte et al., 
n.d.) reported that S. platensis are able to grow in anaerobically in palm oil mill effluent 
and the result treated waste water are able for recycle use by the factory. Spirulina also 
being applied in treating waste from human feces and urine (Feng and Wu, 2006). Studies 
proved that Spirulina platensis able to grow well using urea as nitrogen source (Cao, 2000; 
Danesi et al., 2002; Torre and Carlos, 2003; Luis et al., 2004 cited in Yang et al., 2008). 
Research done by Feng and Wu (2006) found that S. platensis cultivated in the urine could 
released oxygen quickly and much biomass can be obtained at the same time. Result 
obtained from study done by Yang et al. (2008) showed that the consumption of total 
phosphorus and total nitrogen able to reach to more than 99%.  Other than that, Spirulina 
also used to treat anaerobically digested distillery effluent (ADE) (Kaushik et al., 2006), 
kitchen wastewater and oil-extracted fermented soybean water (Jongkon et al., 2008).  
 
Immobilization of Spirulina also has been used for nitrogen removal from shrimp culturing 
water which the salinity tolerance properties of S. platensis (Ketpokasiri et al., 2003) and 
being non-toxic (Lerksasen and Wantawin, 2007) is the important properties in the 
removal of organic nitrogen waste in the sediment in the pond. As this waste then being 
hydrolyzed to ammonia nitrogen, it can be toxic to shrimp and also, the nutrient residue 
may cause to eutrophication. Studies by Wantawin et al. (2004) and Chaowanapreecha et 
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al. (2004) (cited in Lerksasen and Wantawin, 2007) discovered that more than 90% of 
ammonia was removed from the shrimp culturing water. High S. platensis detached from 
the mats has caused the high nitrogen in suspended from being released. 
 
2.1.3.2 Application of Spirulina in Aquaculture 
 
As this Spirulina have high nutritional value, it has been applied in various fields. For 
example, in aquaculture, Spirulina becomes one of the necessary food sources for the 
larval rearing of fish. From observation of 6-day old silver carp, Hypophthalmichthys 
molitrix, it was found that they grow best in Spirulina as their larval feed compared to 
other cyanophyte (Pantastico et al., 1986 cited in Baldia et al., 1991 ). Besides that, 
Spirulina also used as dry feedstuff for the rotifier, Brachionus plicatilis (Gatesoupe and 
Robin, 1981 cited in Baldia et al., 1991) and important ingredient in food for pigmentation 
of goldfish and fancy red carp (Miki et al., 1986 cited in Baldia et al., 1991). 
 
2.1.3.3 Application of Spirulina in Dairy Product Industry 
 
Other than that, Spirulina also contributed in fermented dairy product industry. The 
Spirulina platensis biomass was added to the processed milk during stirring process at pH 
4.5- 4.6 and then undergoes other process (Varga et al., 2002). At regular intervals, a 
microbiological analysis and acidity measurement was done. To be specific, in each 
sampling time, it was found that Lactobacillus acidophilus presence were within the range 
of 10
7
 cfu/ml and Streptococcus thermophilus counts also exceed the critical level, giving a 
value higher than 10
9
 cfu/ml (Varga et al., 2002). Meanwhile, in most of the cases, the 
count for bifidobacteria is much lower as these bacteria were highly susceptible to acid 
injury however; in this study the addition of Spirulina biomass has an effect on 
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bifidobacteria viability. Apart from that, the addition of Spirulina biomass found to have 
increased the essential amino acid and vitamin contents of cow’s milk as well improving 
its fatty acid composition (Varga et al., 2002). From the study, it shown that S. platensis 
biomass has positively affects the survival of acidophilus-bifidus-thermophilus (ABT) 
starter bacteria regardless of storage temperature. These give a new opportunity for the 
manufacture of functional dairy product. 
 
2.1.3.4 Benefits of Spirulina towards Human Health 
2.1.3.4.1 Effect against Allergic Rhinitis 
 
Spirulina also found to be an interest in medical area. Research shows that Spirulina is 
clinically effective where people suffer from allergic rhinitis taking Spirulina shows a 
significantly improved in symptoms and physical findings such as nasal discharge, 
sneezing, nasal congestion and itching as to compared with placebo (P < 0.001**) (Cingi et 
al., 2008). Previous study stated that the in vitro culture of Spirulina together with human 
peripheral blood mononuclear cells (PBMCs) modulated  the production of cytokines 
(interleukin (IL)-4, interferon (IFN)-gamma, and IL-2) that essential in regulating 
immunoglobulin E-mediated allergy (Mao et al., 2005). Study shows that consumption of 
Spirulina significantly reduced IL-4 levels by 32% from phytohemagglutinin (PHA)-
stimulated cells and this indicate that Spirulina can slow down the T-helper (Th) profile by 
suppressing the differentiation of Th2 cells mediated, in part, preventing the production of 







2.1.3.4.2 Therapeutic Effect of Spirulina 
 
Spirulina also have been reported to have therapeutic properties due to compound that 
have antioxidant abilities such as polyunsaturated fatty acids, phycocyanin and phenolics. 
These properties are involved in the treatment of many diseases such as 
hypercholesterolemia and atherosclerosis (Nakaya et al., 1988; Ramamoorthy and 
Prekumari, 1996) and also in reducing body weight for human suffer from obesity (Becker 
et al., 1986 cited in Colla et al., 2008). 
 
2.1.3.3.3 Effect on Preventing Skeletal Muscle Damage 
 
Spirulina’s high nutritional value and their essential role in various fields have contributed 
into many other researches. For example, this research was conducted to study the effect 
on consumption of S. platensis on preventing skeletal muscle damage on untrained human. 
16 students have volunteered taking S. platensis as supplement food for 3 weeks (Lu et al., 
2006). They were asked to perform the all-out treadmill exercise based on the Bruce 
incremental protocols (Bruce, 1972 cited in Lu et al., 2006). The blood sample result that 
are taken before and after the treatment shows that plasma concentration of 
malondialdehyde (MDA), a metabolite of phospholipids per-oxidation (a popular index of 
first condition on living body oxidative damage) were significantly decreased. The activity 
of blood superoxide dismutase (SOD), blood glutathione peroxides level, and lactate 
concentration has significantly increased and the time to exhaustion was significantly 
extended. As for conclusion, results that obtained from this study suggested the 
consumption on Spirulina as food supplement daily shows can protect the skeletal muscle 
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from the exercise per-oxidation injury probably by reducing the pre-oxidative level in 
muscle (Lu et al., 2006). 
 
2.2 Sodium Bicarbonate, NaHCO3 
 
NaHCO3, sodium bicarbonate functions as carbon source to Spirulina in the form of 
bicarbonate. Sassano et al. (2007) reported that Spirulina platensis consumed bicarbonate 
as its carbon source in the natural form. Apart from that, the fact that different type of algae 
best grown in different optimal pH is indicates the essential for maintaining the pH of the 
culture medium to yield a maximum biomass production. As pH represents the solubility 
of carbon dioxide (CO2) and minerals in the medium, this will influence the metabolism 
that occurs in algae (Rafiqul et al., 2005). In Spirulina cases, high alkalinity is crucial for 
growth and besides being sources of carbon, bicarbonate also essential in maintaining the 
high pH and high alkaline condition of the medium (Rafiqul et al., 2005). These high 
alkaline conditions also benefit Spirulina culture where it can reduce contamination from 
other type of algae and other organism. 
 
2.3 Sago Effluent 
 
The sago palms (Metroxylon sagu) contain high yield of starch are grown in a large scale 
in the state of Sarawak in Malaysia and it is estimated about 60 million tonnes of sago 
starch being produced per annum in south-east Asia (Wang et al., 1996). The word ‘Sago’ 
originally from Javanese word, gives the meaning of starch-containing palm pith (Singhal 





 It is extremely hardy plant, able to grow well in swamps and acidic peat area with less 
care (Bujang and Yusop, 2006). This industry not only providing sago, the edible starch in 
the form of globules (Saravanane et al., 2001) as food supply around the world, but also as 
essential economic income to Malaysia. Statistic in ResearchSEA (2008) stated that 
Sarawak have been exporting up to 40,000 ton of sago per year with the ratio of one sago 
palm may produce 150 to 300 kg of starch. However, this has contributes into a problem of 
large quantity of sago effluent being disposed into nearby rivers and consequently leads to 
environmental pollution. The large amount of production of sago effluent daily that cause 
the pollution worst, not the chemical components of the sago effluent itself (Bujang and 
Yusop, 2006). Bujang et al. (1996) reported that 20L of wastewater is estimated being 
generated in the process for every kilogram (dry weight) of starch being produced. 
ResearchSEA (2008) stated that a minimum of 400 tons of slurry effluent will be produced 
by one typical sago mill that consumes about 1,000 logs per day. 
  
Phang et al. (2000) reported that sago effluent contain high ratio in carbon to nitrogen 
(105: 0.12). ‘‘This digested effluent with an average C:N:P ratio of 24: 0.14: 1 supported 
growth of Spirulina platensis with the average specific growth rate of 0.51 µ per day 
compared to 0.54 µ per day in the Kosaric medium in a high rate algal pond’’ (Phang et al., 
2000).  
 
2.4 Static Culture 
 
Static culture in this study is a setup of a 2 L bottles with Spirulina cultured in filtered sago 
effluent (FSE) medium and equipped with an aeration pump. The system will be exposed 
under sunlight as energy source. The pump is essential to create flow, in other words called 
aeration to the FSE medium. Many research found that flow in a system is very important 
12 
 
in yielding a maximum production of Spirulina as this provide mixing that works to 
maintain a favorable regime light intermittences (Richmond, n.d.). Besides, Dubey (2006 
cited in Ogbonda et al., 2007) also found that aeration process is very crucial in producing 
good quality and better yields of Spirulina as it serve agitation to the culture medium. This 
will allows a homogenous distribution of the algae within the bucket for enough exposure 
to the illumination by sunlight. In addition, aeration helps in providing a uniform oxygen 
concentration within the culture medium and also some inhibitory substance that produced 
will be removed through aeration (Richmond and Vonshak, 1978; Famelart et al., 1987 
cited in Ogbonda et al., 2007). Apart from that, a continuous mixing also essential to avoid 
cell from sinking and thermal stratification, provide uniform nutrient distribution and 
removal of excess oxygen (Powls, 1985; Vonshak, 1987 cited in Ogbonda et al., 2007). If 
the culture medium not being aerated, photo-inhibition will occur in the floating cell on the 
surface medium which can kill them and this will results in low growth (Vonshak and Guy, 
1987 cited in Ogbonda et al., 2007). Meanwhile, if inadequately aerated, it will results in a 
low efficiency of utilization energy and contribute to low production (Richmond, 1987 














MATERIALS AND METHODS 
 

























Fresh Sago Effluent 
Filtered Sago Effluent (FSE) 
Filter 
Sago characterization: starch, 





Static culture of FSE in 2 L bottle with aeration 
FSE amended with different concentration of NaHCO3 




Analysis: starch, glucose, pH, % dry cell weight every 2 days 






Spirulina platensis was used in this study. Stock of Spirulina was sub-cultured in order to 
maintain enough supply. Working culture was prepared by cultivating stock algae culture 
into 1 liter Erlenmeyer flask with agitation at 120 rpm and at room temperature. Culture at 
optical density of 1.11 ± 0.02 were harvested and used as inoculums. Figure 3.2 shows 
stock culture of Spirulina platensis being used in this study. 
 
 
Figure 3.2: Stock Culture of Spirulina platensis 
 
3.1.2 Zarrouk’s Medium 
 
Preparation of the components of Zarrouk’s medium (Daniel et al., 1997) was using 
ingredients based on Tables 3.1, 3.2, 3.3, 3.4, 3.5, and 3.6. Each of the components of 
Zarrouk’s medium except for bicarbonate solution was prepared and stored at 4°C. These 
